, suggest that in order to maintain the homeostasis of these changes can alter Ca 2ϩ influx into the muscle per synaptic activity, presynaptic neurotransmitter release evoked or spontaneous release. Therefore, it is conceivand both the activity and number of ligand-gated and able that changes in Ca 2ϩ levels in the postsynaptic voltage-gated ion channels are dynamically altered muscle might be responsible for the induction of this and controlled (Davis and ). Our search using the published Drosophila genome did not identify a candidate homolog of CaMKIIN. We generated transgenic flies carrying one or two copies of CaMKIINtide (see Experimental Procedures). Expression of CaMKIINtide in either muscles or neurons did not affect the amplitude of mEPSPs (control, 0.89mV Ϯ 0.03mV, n ϭ 16; MHCGal4 ϫ UAS-CaMKIINtide, 0.89mV Ϯ 0.07mV, n ϭ 10; elav-Gal4 ϫ UAS-CaMKIINtide, 0.88mV Ϯ 0.05mV, n ϭ 10) (Figures 2A and 2B (Figures 4A and to visualize synapses, suggesting the lack of any significant influence on the ability of Shaker K channels to 4B). These results indicate that the postsynaptic activity of CaMKII plays a key role in regulating the strength localize at the synapse (data not shown). We also examined the effect of pre-or postsynaptic of the retrograde signal triggered by the reduction of glutamate receptor activity.
inhibition of CaMKII in type Ib boutons on muscles 6 and 7 by electron microscopy. Expression of Ala either pre-or postsynaptically did not affect the overall ultraPostsynaptic Inhibition of CaMKII Does Not Affect structure of boutons (wild-type, n ϭ 18; MHC-Gal4 ϫ the Number of Synaptic Boutons but Increases UAS-Ala, n ϭ 6; elav-Gal4 ϫ UAS-Ala, n ϭ 4) (Figures the Number of T Bars per Active Zone 6A-6C). The subsynaptic reticulum (SSR) structure and To assess the effect of activation or inhibition of CaMKII the number of clear synaptic vesicles appeared to be on synaptic structure, we examined NMJs by light and qualitatively wild-type. Boutons in larvae expressing Ala electron microscopy. Heat-shock induction of Ala has presynaptically displayed an unusual invagination of the been reported to alter nerve terminal projections at the Drosophila NMJ (Wang et al., 1994) . We quantified the presynaptic membrane at active zones ( Figure 6C ) that we examined boutons of DGluRIIA Ϫ/Ϫ third instar larvae at the ultrastructural level. Indeed, DGluRIIA Ϫ/Ϫ larvae showed a major increase in the number of T bars per active zone without any gross changes in the overall ultrastructure ( Figure 6D) ;UAS-Ala). This is in contrast to a role in synaptic transmission (Prokop, 1999; Atwood and Wojtowicz, 1999) , these results suggested to us that the effect of CaMKII inhibition in wild-type, which leads to a significant increase in EPSP size and quantal conthe number of T bars could correlate with the observed retrograde increase in quantal release. If this hypothesis tent (Figures 1 and 3) . Importantly, the size and the kinetics of mEPSPs were not affected as a consequence is true, then DGluRIIA Ϫ/Ϫ mutants should have a higher number of T bars per active zone. To test this hypothesis, of inhibiting CaMKII in muscles (0.68mV Ϯ 0.04mV for response to postsynaptic activation of CaMKII. This is in contrast to our observations; we did not find any CaMKII Activity Controls Retrograde Signaling changes in overall synaptic structure or localization of Our findings demonstrate that postsynaptic inhibition glutamate receptors in response to either inhibition or of CaMKII activity is sufficient to increase presynaptic activation of postsynaptic CaMKII. The differences in neurotransmitter release in a retrograde fashion. We our findings could be partially due to differences in the show that this increase in quantal content can be polevel and pattern of expression of transgenes (using tentiated by expressing additional doses of the inhibidifferent Gal4 lines) or due to the fact that we have tory transgene and suppressed by expressing a constiexamined the NMJ at very different developmental tutively active CaMKII transgene simultaneously. These stages. We performed all our experiments in late third results suggest a direct involvement of CaMKII in coninstar larvae, while Kazama et al. (2003) examined early trolling the retrograde signal that maintains the homeofirst instar larvae. Interestingly, our results are in agreestasis of neurotransmitter release at the Drosophila NMJ. ment in that we both observe no changes in the ampliWhile increasing the postsynaptic activity of CaMKII tude or kinetics of spontaneous potentials, indicating in wild-type larvae has no effect on neurotransmitter that CaMKII does not directly modulate glutamate rerelease, once the retrograde signal is induced (i.e., in ceptors at the Drosophila NMJ, which is not the case DGluRIIA Ϫ/Ϫ mutants), activation of CaMKII can inhibit with vertebrates. the signal. This is consistent with the observation by Petersen et al. (1997) We found a 60% increase in the number of T bars The conclusion made from these results was that the per active zone in response to inhibition of CaMKII in retrograde control of presynaptic release for these genomuscles. Often present at active zones at the Drosophila types was not directly related to muscle depolarization. NMJ, T bars are electron-dense structures associated In addition, we argue that if muscle depolarization were with clusters of synaptic vesicles. Higher numbers of the sole trigger for the homeostatic retrograde signaling, active zones and T bars appear to correlate with an then quantal content in highwire (hiw) mutants ( motor neurons respond to the retrograde signal, we examined whether the retrograde enhancement of
